Heavy metal concentration in roadside soil and plants are increasingly becoming of health concern. This work determined the concentration of selected heavy metals (Cd, Pb, Zn, Cr, Fe, Mg, Mn, Co, Ni and Cu) in roadside soils and plants samples from selected sites (Plaifu, Shiwa, Fadama-rake and Damdrai) along major road in Hong. Soil samples were taken 10 m, 20 m and 30 m away from the edge of the road at the depth of 0-10 cm, 10-20 cm and 20-30 cm. Plant samples were randomly collected within the vicinity where the soil samples were taken and were analysed using Atomic Absorption Spectrophotometer. The result revealed the trend in soil heavy metal concentration was Fe > Mn > Mg > Pb > Zn > Ni > Co > Cu > Cr > Cd and for plant the trend was Fe > Mn > Mg > Zn > Pb > Ni > Cu > Cd > Co > Cr. The concentrations decreased with increasing distance away from the edge of the road as well as with depth at which the soil sample were taken. The transfer factor showed that the concentration of Zn, Mn, Cu and Mg were greater than 1, which shows that plant were enriched by Zn, Mn, Cu and Mg from the soil. Mg and Cd equal to 1 at Plaifu and Damdrai. Most of the values of TF at the study area super pass 0.5, which implies that generally, the ability of bioaccumulation of these heavy metals in examined plants were relatively high.
INTRODUCTION
Soils and plants polluted with heavy metals have become common especially along major roads. Reports have shown that roadside soils and plants are contaminated from various anthropogenic activities such as industrial and energy production, vehicle exhaust, waste disposal as well as coal and fuel combustion [1] . Public motor roads affect the natural environment to a large extent because automobile act as line sources of heavy metal pollutants [2, 3] . Excess metal pollutants deposited on soils may go deep to the root zone and be absorbed by plants through their roots and through the food chain could be passed from plants further to animals and human beings [4] .
The challenge of environmental pollution due to heavy metals from vehicles is of major concern in roadside soils and plants. The toxic metals entering the ecosystem may lead to geoaccumulation, bioaccumulation and biomagnifications [5] .
Metal pollution of roadside soils and plants arising from vehicular emissions are well established [6, 7, 8] . From previous studies in other countries, it has been established that roadside soils and plants containing elevated amounts of heavy metals emanating from vehicles may adversely affect humans, plants, and soil composition along the roadside [9] . Soil contamination by heavy metals can cause long term problems on the biogeochemical cycle, which may affect soil functioning systems, leading to changes in soil fauna [10] .
In humans, heavy metals such as Pb may cause retarded growth, especially in children and affect brain [11] . In plants, excessive Pb may alter normal metabolic pathways by disrupting specific cellular enzymes and also may inhibit the photosynthetic ability of plants [12] . On a general note, excessive levels of heavy metals may result in damage to DNA, disturbances in the biosynthetic pathways and induction of oxidation stress [13, 14] .
The main sources of heavy metals in plants are soil, air and fertilizers from which they are taken up through the roots and foliage. Cultivated plants near roadside are also exposed to aerial deposition in the form of metal-containing aerosols which are absorbed by it. This deposition could occur on leaves and fruits and then absorbed into the plant body [15, 16] . Positive relationship between atmospheric metal deposition and elevated concentrations of heavy metals in plants and top soils has been observed [17, 18] . Risks in relation to increased soil metal concentrations, consequent crop uptakes and hazardous health effects in humans have been identified by a number of studies [19, 18, 16] .
The aim of this study was to determine the concentration of heavy metals in roadside soil and plants along Hong major road.
MATERIALS AND METHODS

The Study Area
Hong is situated in the North eastern part of Nigeria. It is one of the twenty one (21) Local Government areas in Adamawa State. Hong lies between coordinates 10° 13'54''N 12° 55'49''E and 10.23°N 12.93° E. The study area has a land area of about 480.65sq.km with population of about 169,183 people [20] .
Four sample locations along major road in Hong local government area were selected for soil and fresh plant leaf samples. These sample locations include: Pliafu, Shiwa, Fadama-reke and Damdrai.
Twenty gram of three composite soil samples (10 m away from the edge of the road at depth of 0-10, 10-20 and 20-30 cm) were randomly collected from each sample location with the aid of stainless steel spoon, washed with soap and rinsed with distilled water after each sampling [21] . Also at each sample location another three twenty gram surface soil samples at 2 cm depth were randomly collected at distances of 10 m, 20 m, and 30 m away from the edge of the road making a total of twenty four (24) soil samples. These samples were collected with the aid of hoe and stainless spoon. The soil sampling spots were cleared of debris before taking the sample [22] . The collected soil samples were placed in labeled cellophane bags [23] , and were taken to the laboratory for pre-treatment and analysis.
Also, a total of twelve (12) fresh plant (same species) leave samples, three from each site, were randomly collected from the vicinity of the sampling points where the soil samples were collected. These samples were collected using a clean stainless-steel pair of scissors [24] , placed in paper bags, labeled and taken to the laboratory for pre-treatment and analysis.
Sample Preparation
Soil samples from each site were homogenised and air dried, crushed and grounded and then sieved through 0.2 mm sieve [21] .
Plant samples were rinsed with distilled water to remove any attached soil particles. The plant samples were cut in to smaller portions before placing in a large clean crucible where they were oven dried at 100°C for 48 h.The dried plant samples were grinded into fine particles using clean acid washed mortar and pestle [25] .
Sample Digestion
Two gram of soil sample was placed in 100 cm 3 tall form beaker. 10 cm 3 of 1:3 HNO 3 and HCl was added to it and boiled gently on a hot plate until the volume was reduced to near dryness and then cooled. 10 cm 3 of distilled water was added to it and then boiled gently again until the volume was approximately 2 cm 3 . The suspension was allowed to cool and filtered through a Whatman No. 540 filter paper, the beaker and filter paper was washed with small portions of distilled water until a volume of about 25 cm 3 was obtain. The filtrate was transferred into a 50 cm 3 graduated flasks and made up to the mark with distilled water [21] . The quantitation of metallic content of the soil samples was carried out in triplicates by atomic absorption spectrophotometer (AAS) 210 VGP Buck Scientific model following the procedure adopted by Barbeş et al. [26] .
Two grams of the powdered plant sample was weighed in "high form" porcelain crucible. The crucible with the sample was placed into furnace and the temperature was increased gradually until the temperature reached 550 0 C. The sample was ash until a white or grey ash was observed in the crucible. The ash was dissolved by adding 1mL of conc. HNO 3 to the crucible. The dissolved ash was transferred into 50mL volumetric flasks. It was diluted to volume with distilled water [27] . The quantitation of metallic content of the plant samples was carried out in triplicates by atomic absorption spectrophotometer (AAS) 210 VGP Buck Scientific model following the procedure adopted by Barbeş et al. [26] .
Transfer Factor
Transfer factor model was used to determine the ability of plants to uptake trace metals from the soil [28] . The transfer factor for examined heavy metal is calculated as ratio between its concentration in plant parts and its concentration in the soil. This is an index of soil-plant transfer. Values higher than 1 indicate that plants are enriched in elements from soil (accumulator), ratios around 1 indicate that plants are not influenced by elements (indicator), and values lower than 1 show that plants exclude the element from soil (excluder).
Data Analysis
The obtained data for each examined metal were subjected to analysis of variance (ANOVA) by SPSS version 17, to determine the significance of influence of difference between sites on variation of metal concentration. Also Duncan multiple range was used to compare the means of metal concentration and the results were presented in the form of means ±SD of triplicate determination.
RESULTS AND DISCUSSION
The pH of a solution is negative logarithm of the molar concentration of hydrogen ions in the solution and as such is a measure of the acidity or basicity of the solution. The pH of the roadside soil of the studied area ranged from 7.1±0.6 -7.5±0.7 (Table 3) . Similar value (7.5 -8.0) was observed by Mafuyai et al. [7] in Jos Nigeria. According to Kim et al. [29] this could be attributed to the alkaline components in the atmosphere which can eventually deposit on the ground and affect pH in the soil.
The electrical conductivity ranges from 0.19±0.01 -0.27±0.02 (Table 3) which are relatively high values indicating considerable presence of ionic species. The range is almost the same with the one (0.18 -0.31) reported by Mafuyai et al. [7] in Jos Plateau State Nigeria. Electrical conductivity is a quantitative measure of the ability of a substance to pass electric current. This ability depends largely on the quantity and solubility of salts present in it.
The concentrations of the selected heavy metal pollutants determined in the roadside soil and plant samples in Hong local government area were presented in Tables 3 and 5 respectively. There was observed high concentration of Fe, followed by Mn, Mg, Pb, Cd, Zn, Co, Cu, Cr and Ni in all the four examined areas for both soil and plant samples.
The high concentration of Fe observed in both soil and plant samples (Tables 3 and 5 ) were in concordance with the result of several authors [30, 31] who found that Fe occurs at high concentration in Nigerian soil Also the values obtained in the study collaborates the reports of [32] .
The high concentration of Fe and Mn in both roadside soil and plant samples may be attributed to metal construction works, iron bending and welding of metals, mechanical and dry cell battery workshop (since Mn is used to depolarise dry cells) which is a common practice alone the major roads in Hong town. The heavy metals in urban roadside soil take their origin from sources such as tyre wear, vehicle emissions, repairs, painting, panel beating, battery charging, iron-bending, and discharges from industries, lubricating oil and corrosion of vehicle parts [32] . Zn, Pb, Cr,Co, Cd, Fe Mg, Mn and Ni come mainly from vehicular activities such as tyre wear, wear of brake linings, discharge from battery, emission from gasoline vehicles, studded tyres, vulcanising, smelting, soldering work and engine wear. Corrosion of radiator, bushing and brake wirers and the various types of friction materials and deicing chemicals used on road surfaces for slipperiness control could release metals such Ni, Cr, Co, Cu and Fe into the environment [8, 33] .
Roadways and automobiles are considered to be one of the largest sources of heavy metals. Zinc, copper, and lead are three of the most common heavy metals released from vehicle emission accounting for most of the heavy metals in road runoff.
The result of the analysis of variance showed significant difference in concentration of the heavy metals among the sample areas at the level of P = .05 for both soil and plant samples as indicated in Tables 3 and 5 . This suggests that, the indicated heavy metal pollutants in road side soil of Hong did originated from different anthropogenic sources, probably emission from automobile, motor vehicle tire rubber exacerbated by poor road surfaces and construction works as well as lubricating oils, soldering work, discharge from battery, vulcanising work and the welding of metals are the major sources of these metals.
In excess quantities metal pollutants deposited on soils may be transformed and transported to plants and from plants they may pass to animals and human beings through food chain [34] .
Exposure of humans to heavy metals occurs through three primary routes namely inhalation, ingestion and skin absorption.
According to
Although individual metals exhibit specific signs of their toxicity, some general signs have been reported to be associated with, iron, cadmium, zinc, copper and lead poisoning, like depression and pneumonia when aerosols volatile vapours and fumes are in-haled. The nature of the effects can be toxic (acute or chronic), carcinogenic, neurotoxic, muta-genic or teratogenic [37] . Gastrointestinal (GI) disorders, diarrhoea, hemoglobinuria causing a rust-red colour to stool, ataxia, paralysis, stomatitis, tremor, vomiting and convulsion [38] . In humans, heavy metals such as Pb may affect the brain and cause retarded growth, especially in children. It also causes damage to nervous system, kidneys, learning ability, ability to synthesise protein, red blood cells and nerves [39] . In addition to these toxic effects, it has also been reported that cadmium may play a role in the development of heart disease and hypertension [40, 41] .
The results of the variation in heavy metal concentrations in roadside soil at different depth of 0-10 cm, 10-20 cm and 20-30 cm revealed that the concentrations of these heavy metals decreased with an increasing depth ( Table 4) . This finding agreed with the report of [14] . Also the concentrations of these heavy metals decrease with an increasing distances (10 m, 20 m and 30 m) away from the edge of the road for both soil and plant samples (Tables 1 and 2) which collaborate with the report of [6] . However, there was no significant difference in concentrations of the heavy metals at P=.05 observed among distances as well as the depths in both soil and plant samples. 
All values represent mean ± SD (Standard Deviation). ND: Not Detected
All values represent mean ± SD (Standard Deviation). Comparison was done within the row and values with different superscripts are statistically different (P=.05)
All values represent mean ± SD (Standard Deviation). ND: Not Detected
The result of heavy metal ( The comparative heavy metals of plant presented in Table 7 showed significant difference from the one reported in literature by [18, 43, 44, 21] The ability of a metal species in its different forms to migrate from the soil through the plant parts and make itself available for consumption was represented by the transfer factor (TF). The transfer factor is a function of different factors such as the soil organic matter, soil pH, soil particle size, metal concentration and availability and plant species characteristics.
The transfer factor (TF) showed that some of the plants did take up most of the metals directly from the soil. From the results, the highest transfer factor recorded was in Zn at Fadamarake with value of 1.23 followed by Mn at Damdrai with value of 1.2, Mn at Pliafu with value of 1.12, Cu at Shiwa with the value of 1.07, Mg at This implies that generally the ability of bioaccumulation of heavy metal in plant was relatively high. Therefore, examined heavy metals were efficiently up taken from the soil and transferred in leaves in examined plant with the exception of Fe in all studied areas and of Pb in Shiwa (Table 8 ). The findings in this study collaborate with the reports of [18, 46] . Pb was not detected in plant samples from Damdrai, while Cr and Co were not detected in plant samples from Pliafu, Shiwa and Fadamarake. 
CONCLUSION
Concentration of heavy metals (Cd, Pb, Zn, Cr, Fe, Mg, Mn, Co, Ni and Cu) in roadside soils and plants samples from selected site (Plaifu, Shiwa, Fadama rake and Damdrai) along major road in Hong were determined. The result revealed that Iron has the highest concentration in both soil (317.90mg/kg) and plants (69.93mg/kg) samples which was above permissible limit of WHO/FAO probably due natural soil characteristics and contaminated with Fe probably from anthropogenic contamination. The accumulation of this heavy metal in road side soils and plants could have adverse effect on both plants and humans. Therefore further investigation is necessary to study the health implications of this metal.
